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PHOTOSENSITIVE POLYSILOXANLEL
COMPOSITION AND USES THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mmvention relates to a photosensitive polysiloxane
composition and a film and apparatus formed thereby; par-
ticularly, to a photosensitive polysiloxane composition for
producing a product having good sensitivity and refractivity.

2. Description of the Related Art

In recent years, along with the shrinking size, the require-
ment of pattern miniaturization in lithography increases more
highly 1n the semiconductor industry, liquid crystal display or
organic light-emitting diode display and other areas. In this
art, the pattern miniaturization 1s obtained by exposure and
development of positive photosensitive materials with high
resolution and sensitivity. Among them, a positive photosen-
sitive material comprising a polysiloxane polymer 1s used as
the mainstream 1n this art.

Japanese Patent Publication No. 2008-107529 discloses a
photosensitive polysiloxane composition able to form a high
transparent cured film. The composition comprises a polysi-
loxane polymer, a quinonediazido acid ester and a solvent.
The polysiloxane polymer contains an oxetanyl group or a
succinic anhydride group, and 1s obtained by hydrolyzing and
partial condensing siloxane monomers including an oxetanyl
group or a succinic anhydride group. The polysiloxane forms
a hydrophilic structure via ring-opening reaction in copoly-
merization, and has high solubility 1n an alkaline developer.
However, the photosensitive polysiloxane fails to meet the
requirement of the increasing sensitivity and refractivity in
the modern industry.

Therelfore, improving the sensitivity and refractivity at the
same time to meet the modern requirements 1s a target
remained to be achieved 1n the technical field of the present
invention.

SUMMARY OF THE INVENTION

First thing to note 1s that, as used herein, (meth)acrylic acid
represents acrylic acid and/or methacrylic acid; (meth)acry-
loyl represents acryloyl and/or methacryloyl; (meth)acrylate
means acrylate and/or methacrylate.
In the present invention, the specific contents of urethane
(metha)acrylate compound and 1norganic particles are pro-
vided to obtain a photosensitive polysiloxane composition
having high sensitivity and refractivity.
Therefore, the invention relates to a photosensitive polysi-
loxane composition comprising:
a polysiloxane polymer (A);
an ortho-naphthoquinone diazide sulfonic acid ester (B);
an urethane(metha)acrylate compound (C), wherein the
urethane(metha)acrylate compound (C) comprises at
least six (meth)acryloyl groups 1n one molecule;

inorganic particles (D), wherein the Group IV element
oxide 1s a main component of the inorganic particles (D);
and

a solvent (E).

The present invention also provides a method for forming
a film on a substrate comprising applying the photosensitive
polysiloxane composition as mentioned above on the sub-
strate.

The present invention also provides a film on a substrate,
which 1s obtained by the method as mentioned above.
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The present invention further provides an apparatus com-
prising the film as mentioned above.

DETAILED DESCRIPTION OF THE INVENTION

The mvention relates to a photosensitive polysiloxane
composition comprising:
a polysiloxane polymer (A);
an ortho-naphthoquinone diazide sulfonic acid ester (B);
an urethane(metha)acrylate compound (C), wherein the
urcthane(metha)acrylate compound (C) comprises at
least s1x (meth)acryloyl groups 1n one molecule;

inorganic particles (D), wherein the Group IV element
oxide 1s a main component of the inorganic particles (D);
and

a solvent (E).

There 1s no specific limitation to the structure of the pol-
ysiloxane polymer (A). In one preferred embodiment of the
invention, the polysiloxane polymer (A) 1s obtained by hydro-
lyzing and condensing a silane compound and/or a polysilox-
ane; preferably, by partially condensing.

In one preferred embodiment of the invention, the silane
compound includes but 1s not limited to a structure repre-
sented by Formula (1);

Si(R%) (OR?),_, Formula (1)

wherein:

R“1s independently selected from the group consisting of a
hydrogen atom, a C,-C,, alkyl group, a C,-C,, alkenyl
group, and a C.-C, . aryl group, an anhydride-substi-
tuted C,-C,, alkyl group, and an epoxy-substituted
alkoxy group;

R” is independently selected from the group consisting of a
hydrogen atom, a C,-C alkyl group, a C, -C, acyl group,
and a C,-C, ; aryl group; and

t represents an integer from 0 to 3, and wherein when t 1s 2
or 3, the plural R”s are identical with or different from
cach other; and wherein when 4-t1s 2 or 3, the plural R”s
are 1dentical with or different from each other.

In the definition of R%, the C,-C, , alkyl group includes, but
1s not limited to, methyl, ethyl, n-propyl, 1sopropyl, n-butyl,
tert-butyl, n-hexyl, n-decyl, trifluoromethyl, 3,3,3-trifluoro-
propyl, 3-aminopropyl, 3-mercaptopropyl, or 3-1socyanato-
propyl; the C,-C,, alkenyl group includes, but 1s not limited
to, vinyl, 3-acryloxypropyl or 3-methacryloxypropyl; and the
C«-C, < aryl group includes, but 1s not limited to, phenyl, tolyl,
p-hydroxyphenyl, 1-(p-hydroxyphenyl)ethyl, 2-(p-hydrox-
yphenyl)ethyl, 4-hydroxy-5-(p-hydroxyphenylcarbonyloxy)
pentyl, or naphthyl.

Examples of the anhydride-substituted C,-C, , alkyl group
include, but are not limited to, ethyl succinic anhydride, pro-
pyl succinic anhydride, and propyl glutaric anhydride.

Examples of the epoxy-substituted C,-C,, alkyl group
include, but are not limited to, oxetanylpentyl, and 2-(3,4-
epoxycyclohexyl)ethyl.

Examples of the epoxy-substituted alkoxy group include,
but are not limited to, glycidoxypropyl, and 2-oxetanylbu-
toxy.

In the definition of R?, examples of the C,-C,. alkyl group
include, but are not limited to, methyl, ethyl, n-propyl, 1so-
propyl, and n-butyl. A non-limiting example of the C,-C acyl
group 1s acetyl. A non-limiting example of the C.-C,; aryl
group 1s phenyl.

In the compound represented by Formula (1), t represents
an integer from 0 to 3. When t denotes O, the silane compound
represents a tetrafunctional silane; when t denotes 1, the
silane compound represents a trifunctional silane; when t
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denotes 2, the silane compound represents a difunctional
silane; when t denotes 3, the silane compound represents a
monofunctional silane.

In one preferred embodiment of the invention, the silane

compound includes, but 1s not limited to, (1) tetrafunctional
silane; such as tetramethoxysilane, tetracthoxysilane, tetraac-
ctoxysilane, tetraphenoxy silane; (2) trifunctional silane;
such as methyltnimethoxysilane (referred to as MTMS),
methyltriethoxysilane, methyltriisopropoxysilane, methyltri-
n-butoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
cthyltruisopropoxysilane, ethyltri-n-butoxysilane, n-propylt-

rimethoxysilane, n-propyltriethoxysilane, n-butyltrimethox-

ysilane, n-butyltriethoxysilane, n-hexyltrimethoxysilane,

n-hexyltriethoxysilane, decyltrimethoxysilane, vinyltri-

methoxysilane, vinyltriethoxysilane, 3-acryoyloxypropyltri-

methoxysilane, 3-methylacryloyloxypropyltri-
methoxysilane, 3-methylacryloyloxypropyltriethoxysilane,
phenyltrimethoxysilane (referred to as PTMS), phenyltri-

cthoxysilane (referred to as PTES), p-hydroxyphenyltri-

methoxysilane, 1-(p-hydroxyphenyl)ethyltrimethoxysilane,
2-(p-hydroxyphenyl)ethyltrimethoxysilane, 4-hydroxy-3-(p-
hydroxyphenylcarbonyloxy)pentyltrimethoxysilane, tritfluo-
romethyltrimethoxysilane, trifluoromethyltriethoxysilane,
3.3, 3-trifluoropropyltrimethoxysilane,  3-aminopropyltri-
methoxysilane, 3-aminopropyltriethoxysilane, 3-glycidox-
ypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 3-mercapto-
propyltrimethoxysilane, 3-ethyl-3-[[3-(triphenoxysilyl)pro-
3-ethyl-3-[[3-(trimethoxysilyl)pro-
(trade of TMSOX-D,
manufactured by Toagoseir Company, Limited), 3-ethyl-3-

[[3-(triethoxysilyl) propoxy)methyl]oxetane (trade name of

poxy )methyl]oxetane,

poxy )methyl]oxetane name

TESOX-D, manufactured by Toagoser Company, Limited),
2-(trimethoxysilyl)ethyl succinic anhydride, 3-triphenoxysi-
lyl propyl succinic anhydride, 3-trimethoxysilyl propyl suc-
cinic anhydride (trade name of X-12-967, manufactured by
Shin-Etsu Chemical Co., Ltd.), 3-(triethoxysilyl) propyl suc-
cinic anhydride (trade name of GF-20, manufactured by
WACKER), 3-(trnmethoxysilyl) propyl glutaric anhydride
(trade name of TMSG, manufactured by WACKER), 3-(tr1-
cthoxysilyl) propyl glutaric anhydnde, 3-(triphenoxysilyl)
propyl glutaric anhydride; (3) difunctional silane; such as
dimethyldimethoxysilane (referred to as DMDMS), dimeth-
yldiethoxysilane,  dimethyldiacetyloxysilane,  di-n-bu-
tyldimethoxysilane, diphenyldimethoxysilane, diisopro-
poxy-di(2-oxetanylbutoxypropyl) silane (referred to as
DIDOS), di(3-oxetanylpentyl)dimethoxy silane, (di-n-bu-
toxysilyl)di(propyl succinic anhydride), (dimethoxysilyl)di
(ethyl succinic anhydride); (4) monofunctional silane; such
astrimethylmethoxysilane, tri-n-butylethoxysilane, 3-glyci-
doxypropyldimethylmethoxysilane, 3-glycidoxypropyldim-
cthylethoxysilane, di(2-oxetanylbutoxypentyl)-2-oxetanyl-
pentylethoxy silane, tri(2-oxetanylpentyl)methoxy silane,
(phenoxysilyl)tri(propyl succinic anhydride), (methoxysilyl)
di(ethyl succinic anhydride). The aforesaid examples of the
silane compound can be used alone or as a mixture of two or
more.

In one another preferred embodiment of the invention, the
polysiloxane includes but 1s not limited to a structure repre-
sented by Formula (2);
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| Formula (2)
R& R’

RIO—Si—O04+—Si—OR*

R” R/

wherein:

R2, R” R’, and R’ are identical with or different from each
other, and represent, respectively and independently, a
hydrogen atom, a C,-C,, alkyl group, a C,-C, alkenyl
group, or a C.-C, < aryl group; wherein the alkyl group,
alkenyl group or aryl group preferably contains a sub-
stituent;

s represents an integer ranging from 1 to 1,000; preferably
from 3 to 300; and more preferably from 5 to 200.

When s represents an integer from 2 to 1,000, the plural Rs
and R% can be respectively identical with or different from
cach other. Examples of the alkyl group include, but are not
limited to, methyl, ethyl, n-propyl, or the like. Examples of
the alkenyl group include, but are not limited to, vinyl, acry-
loxypropyl, methacryloxypropyl, or the like. Examples of the
aryl group include, but are not limited to, phenyl, tolyl, naph-
thyl, or the like.

R’ and R” represent, respectively and independently, a
hydrogen atom, a C,-C alkyl group, a C,-C acyl group, or a
C4-C,; aryl group; wherein the alkyl group, acyl group or aryl
group preferably contains a substituent. Examples of the alkyl
group 1nclude, but are not limited to, methyl, ethyl, n-propyl,
1sopropyl, n-butyl, or the like. Examples of the acyl group
include, but are not limited to, acetyl, or the like. Examples of
the aryl group include, but are not limited to, phenyl, or the
like.

Examples of the polysiloxane represented by Formula (2)
include, but are not limited to, 1,1,3,3-tetramethyl-1,3-
dimethoxydisiloxane, 1,1,3,3-tetramethyl-1,3-diethoxydisi-
loxane, 1,1,3,3-tetracthyl-1,3-diethoxydisiloxane, commer-
cially available silanol terminal siloxane prepolymers
manufactured by Gelest Inc. for example, DM-S12 (molecu-
lar weight: 400-700), DMS-S15 (molecular weight: 1,500-2,
000), DMS-S21 (molecular weight: 4,200), DMS-S27 (mo-
lecular weight: 18,000), DMS-S31 (molecular weight:
26,000), DMS-S32 (molecular weight: 36,000), DMS-S33
(molecular weight: 43,500), DMS-S35 (molecular weight:
49,000), DMS-S38 (molecular weight: 58,000), DMS-S42
(molecular weight: 77,000), PDS-9931 (molecular weight:
1,000-1,400), or the like. The atoresaid examples of the s1lox-
ane prepolymer can be used alone or as a mixture of two or
more.

When the silane compound and the polysiloxane are used
in combination, there 1s no specific limitation to the mixing
ratio thereof. Preferably, the molar ratio of the silane com-
pound and the siloxane prepolymer 1n S1 atom ranges from
100:0.01 to 50:50.

In one another preferred embodiment of the invention,
besides of obtained by hydrolyzing and condensing a silane
compound and/or a polysiloxane, the polysiloxane polymer
(A) can also be prepared via a copolymerization by mixing
the silane compound and/or polysiloxane with silicon dioxide
particles. There 1s no specific limitation to the mean particle
s1ze of the silicon dioxide particles. The mean particle size of
the silicon dioxide particles ranges generally from 2 nm to
250 nm, preferably from 5 nm to 200 nm, and more preferably
from 10 nm to 100 nm.

Examples of the silicon dioxide particles include commer-
cially available products manufactured by Catalysts and
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Chemicals Ltd., for example, OSCAR 1132 (particle size: 12
nm, dispersant: methanol), OSCAR 1332 (particle size: 12
nm, dispersant: n-propanol), OSCAR 105 (particle size: 60
nm, dispersant: v-butyrolactone), OSCAR 106 (particle size:
120 nm, dispersant: diacetone alcohol), or the like; commer-
cially available products manufactured by Fuso Chemical
Co., Ltd., for example, Quartron PL-1-IPA (particle size: 13
nm, dispersant: 1sopropanone), Quartron PL-1-TOL (particle
s1ize: 13 nm, dispersant: toluene), Quartron PL-2L-PGME
(particle size: 18 nm, dispersant: propylene glycol monom-
cthyl ether), Quartron PL-2L-MEK (particle size: 18 nm,
dispersant: methyl ethyl ketone), or the like; commercially
available products manufactured Nissan Chemical, {for
example, IPA-ST (particle size: 12 nm, dispersant: 1sopro-
panol), EG-ST (particle size: 12 nm, dispersant: ethylene
glycol), IPA-ST-L (particle size: 45 nm, dispersant: 1sopro-
panol), IPA-ST-ZL (particle size: 100 nm, dispersant: 1sopro-
panol), or the like. The aforesaid silicon dioxide particles can
be used alone or as a mixture of two or more.

There 1s no specific limitation to the amounts when mixing
the silicon dioxide particles with the silane compound and/or
the polysiloxane. Preferably, the molar ratio of the silicon
dioxide particles to the polysiloxane polymer (A) 1n S1 atom
ranges from 1% to 50%.

The condensation can be conducted in a manner well
known 1n the art. For example, a solvent, water, and optionally
a catalyst are added to the silane compound and/or the pol-
ysiloxane, followed by stirring at a temperature ranging from
50° C. to 130° C. for 0.5 hour to 120 hours. During stirring,
the by-products, such as alcohols, water, and the like, can be
removed by distillation, if necessary.

There 1s no specific limitation to the solvent of synthesizing
the polysiloxane polymer (A), which can be identical with the
solvent (E) as mentioned below. The solvent 1s used 1n an
amount ranging generally from 15 wt % to 1200 wt %, pret-
erably from 20 wt % to 1100 wt %; more preferably from 30
wt % to 1000 wt %, based on 100 wt % of the total organic
silane compound and/or the polysiloxane. When water 1s
applied as the solvent, the amount of water for the hydrolysis
ranges from 0.5 to 2 moles based on 1 mole of the hydrolys-
able groups contained in the mixture.

There 1s no specific limitation to the catalyst optionally
added 1n the synthesis of the polysiloxane polymer (A), and
an acid catalyst or a base catalyst can be preferably used.
Examples of the acid catalyst include hydrochloric acid, nitric
acid, sulturic acid, hydrofluoric acid, oxalic acid, phosphoric
acid, acetic acid, trifluoroacetic acid, formic acid, polycar-
boxylic acids and anhydrides thereof, and 10n exchange resin.
Examples of the base catalyst include diethylamine, triethy-
lamine, tripropylamine, tributylamine, tripentylamine, tri-
hexylamine, triheptylamine, trioctylamine, diethanolamine,
triethanolamine, sodium hydroxide, potasstum hydroxide
hydrate, compounds containing an amino group, and 1on
exchange resin.

Preferably, the catalyst 1s used 1n an amount ranging gen-
erally from 0.005 wt % to 15 wt %, preterably from 0.01 wt %
to 12 wt %; more preferably from 0.05 wt % to 10 wt %, based
on 100 wt % of the total silane compound and/or the polysi-
loxane.

In view of stability, 1t 1s preferable that the by-products (for
example, alcohols or water) and the catalyst are not contained
in polysiloxane polymer (A) produced after hydrolysis and
condensation. Therefore, purification 1s carried out 1f neces-
sary. There 1s no specific limitation to the purification method.
Preferably, the polysiloxane polymer (A) 1s diluted with a
hydrophobic solvent, and the organic layer washed with water
several times 1s then concentrated with an evaporator to
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remove alcohols and water. Additionally, the catalyst can be
removed using 1on exchange resin or using the wash with
water as mentioned above.

There 1s no specific limitation to the ortho-naphthoquinone
diazide sulfonic acid ester (B) suitable 1n the photosensitive
polysiloxane composition of the present invention. The ortho-
naphthoquinone diazide sulfonic acid ester (B) can be a fully
or partially esterified compound. Preterably, the ortho-naph-
thoquinone diazide sulfonic acid ester (B) 1s obtained via a
reaction of o-naphthoquinonediazidesulifonic acid or salt
thereof with a hydroxyl compound. More preferably, the
ortho-naphthoquinone diazide sulionic acid ester (B) 1is
obtained via a reaction of o-naphthoquinonediazidesulfonic
acid or salt thereot with a polyhydroxyl compound.

Examples of the o-naphthoquinonediazidesulionic acid
include, but are not limited to, o-naphthoquinonediazide-4-
sulfonic acid, o-naphthoquinonediazide-3-sulfonic acid, and
o-naphthoquinonediazide-6-sulfonic acid. A non-limiting
example of the salt of o-naphthoquinonediazide sulfonic acid
1s halide of o-naphthoquinonediazidesulionic acid.

Examples of the hydroxyl compound include, but are not
limaited to:
(1) hydroxybenzophenone compounds, for example, but not
limited to, 2,3,4-trihydroxybenzophenone, 2,4,4'-trihydroxy-
benzophenone, 2,4,6-trihydroxybenzophenone, 2,3,4,4'-tet-
rahydroxybenzophenone, 2.4,2'.4'-tetrahydroxybenzophe-

none, 2.,4,6,3'.4"-pentahydroxybenzophenone, 2,3,4,2'.4'-
pentahydroxybenzophenone, 2.3.4.2" 5'-
pentahydroxybenzophenone, 2.4,5,3",5'-
pentahydroxybenzophenone, and 2,3.4,3'.4'5'-

hexahydroxybenzophenone.
(2) hydroxyaryl compounds, for example, but not limited to,
a hydroxyaryl compound represented by Formula (3):

Formula (3)
| | |
R R™ —|—
//’—\\ B} // >ﬁfé4<_\7(OH)x
(OH)E/\=‘=/ Ro \=‘_ \ ‘ /

R™ R¢  F R

R’ : R

N
(OH),
wherein

R™,R", and R” independently represent a hydrogen atom or a
C,-C, alkyl group;

R?,R?,R”, R’ R’, and R* independently represent a hydrogen
atom, a halogen atom, a C,-C alkyl group, a C,-C, alkoxy
group, a C,-C, alkenyl group, or a cycloalkyl group;

R" and R™ independently represent a hydrogen atom, a halo-
gen atom, or a C,-C; alkyl group:;

X, v, and z independently denote an integer ranging from 1 to
3: and

ki1s O or 1.

Examples of the hydroxyaryl compound represented by
Formula (3) include, but are not limited to, tri(4-hydroxyphe-
nyl)methane, bis(4-hydroxy-3,5-dimethylphenyl)-4-hydrox-
yphenylmethane, bis(4-hydroxy-3,5-dimethylphenyl)-3-hy-
droxyphenylmethane, bis(4-hydroxy-3,5-dimethylphenyl)-
2-hydroxyphenylmethane, b1s(4-hydroxy-2,5-
dimethylphenyl)-4-hydroxyphenylmethane, bis(4-hydroxy-
2,5-dimethylphenyl)-3-hydroxyphenylmethane, b1s(4-
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hydroxy-2,5-dimethylphenyl)-2-hydroxyphenylmethane, bis
(4-hydroxy-3,5-dimethylphenyl)-3.4-
dihydroxyphenylmethane, b1s(4-hydroxy-2,5-
dimethylphenyl)-3.,4-dihydroxyphenylmethane, b1s(4-
hydroxy-3,5-dimethylphenyl)-2.4-
dihydroxyphenylmethane, b1s(4-hydroxy-2,5-
dimethylphenyl)-2,4-dihydroxyphenyl  methane, bis(4-
hydroxyphenyl)-3-methoxy-4-hydroxyphenylmethane, bis
(3-cyclohexyl-4-hydroxyphenyl)-3-hydroxyphenylmethane,
bis(3-cyclohexyl-4-hydroxyphenyl)-2-hydroxyphenyl-
methane, bis(3-cyclohexyl-4-hydroxyphenyl)-4-hydrox-
yphenylmethane, bis(3-cyclohexyl-4-hydroxy-6-methylphe-
nyl)-2-hydroxyphenylmethane, bis(3-cyclohexyl-4-
hydroxy-6-methylphenyl)-3-hydroxyphenylmethane, bis(3-
cyclohexyl-4-hydroxy-6-methylphenyl)-4-
hydroxyphenylmethane, bis(3-cyclohexyl-4-hydroxy-6-
methylphenyl)-3,4-dihydroxyphenylmethane, b1s(3-
cyclohexyl-6-hydroxyphenyl)-3-hydroxyphenylmethane,
bis(3-cyclohexyl-6-hydroxyphenyl)-4-hydroxyphenyl-
methane, bis(3-cyclohexyl-6-hydroxyphenyl)-2-hydrox-
yphenylmethane, bis(3-cyclohexyl-6-hydroxy-4-methylphe-
nyl)-2-hydroxyphenylmethane, bis(3-cyclohexyl-6-
hydroxy-4-methylphenyl)-4-hydroxyphenylmethane, bis(3-
cyclohexyl-6-hydroxy-4-methylphenyl)-3.4-
dihydroxyphenylmethane, 1-[1-(4-hydroxyphenyl)
1sopropyl]-4-[1,1-bis(4-hydroxyphenyl)ethyl|benzene, and
1-[1-(3-methyl-4-hydroxyphenyl)isopropyl]-4-[1,1-bi1s(3-
methyl-4-hydroxyphenyl)ethyl]benzene.

(3) (hydroxyphenyl)hydrocarbon compounds, for example,

but not limited to, a (hydroxyphenyl)hydrocarbon compound
represented by Formula (4):

- Formula (4)
(OH).I
.. \ /
(OH)J;/\=/ Ry \

Wherein

R* and R” independently represent a hydrogen atom or a
C,-C, alkyl group; and

x'and v' independently represent an integer ranging from 1 to
3.

Examples of the (hydroxyphenyl)hydrocarbon compound

represented by Formula (b) 1nclude, but are not limited to,
2-(2,3,4-trihydroxyphenyl)-2-(2',3",4'-trihydroxyphenyl)
propane, 2-(2,4-dihydroxyphenyl)-2-(2',4'-dihydroxyphe-
nyDpropane,  2-(4-hydroxyphenyl)-2-(4'-hydroxyphenyl)
propane, bis(2,3,4-trihydroxyphenyl)methane, and bis(2,4-
dihydroxyphenyl)methane.
(4) other aromatic hydroxyl compounds, for example, but not
limited to, phenol, p-methoxyphenol, dimethylphenol, hyd-
roquinone, bisphenol A, naphthol, pyrocatechol, pyrogallol
monomethyl ether, pyrogallol-1,3-dimethyl ether, gallic acid,
and partially esterified or partially etherified gallic acid.

The aforesaid examples of the hydroxyl compounds can be
used alone or as a mixture of two or more.

The preferred examples of the hydroxyl compounds
include 1-[1-(4-hydroxyphenyl)isopropyl]-4-[1,1-bis(4-hy-
droxyphenyl)ethyl|benzene, 2,3,4-trihydroxybenzophenone,
2.3.4.4'-tetrahydroxybenzophenone, and combinations
thereof.

The reaction of o-naphthoquinonediazidesulfonic acid or
salt thereof with the hydroxyl compound 1s often conducted
in an organic solvent such as dioxane, N-pyrrolidone, aceta-
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mide, and the like, in the presence of an alkali condensation
agent such as triethanolamine, alkali carbonate, alkali hydro-
gen carbonate, and the like.

Preferably, the esterification rate of the ortho-naphtho-
quinone diazide sulfonic acid ester (B) 1s more than 50%.
That 1s, more than 50% by mole of the hydroxyl group con-
tained 1n the hydroxyl compound undergoes an esterification
reaction with o-naphthoquinonediazidesulionic acid or salt
thereol, based on 100% by mole of the total hydroxyl group
contained 1n the hydroxyl compound. More preferably, the
esterification rate of the ortho-naphthoquinone diazide sul-
fonic acid ester (B) 1s more than 60%.

The quinonediazidesulionic acid ester (B) 1s used 1n an
amount ranging from 1 part by weight to 50 parts by weight,
preferably from 2 parts by weight to 40 parts by weight, and
more preferably from 3 parts by weight to 30 parts by weight
based on 100 parts by weight of the polysiloxane (A).

The urethane(metha)acrylate compound (C) according to
the 1nvention comprises at least six (imeth)acryloyl groups in
one molecule. The urethane(meth )acrylate compound having
at least s1x (meth)acryloyl groups 1n a molecule can be pre-
pared by known methods. A non-limiting exemplary method
for producing the urethane(meth)acrylate compound
includes steps of reacting a polyol compound with a polyiso-
cynate compound, followed by further reacting with a
hydroxyl-containing (meth)acrylate compound so as to
obtain the urethane(meth)acrylate compound. Alternatively,
the urethane(meth)acrylate compound can be obtained by
reacting the hydroxyl-containing (meth)acrylate compound
with the polyisocynate compound, followed by further react-
ing with the polyol compound.

Preferably, the urethane(meth)acrylate compound 1s pre-
pared by reacting a di-functional polyol compound with a
di-functional polyisocynate compound, followed by further
reacting with pentaerythrltol triimeth)acrylate. More prefer-
ably, such reaction 1s conducted in the presence of a catalyst.
Examples of the catalyst include, but are not limited to, di-n-
butyltin dilaurate and other conventional catalysts for esteri-
fication of urethane.

Examples of the hydroxyl-containing (meth)acrylate com-
pound include, but are not limited to, 2-hydroxyethyl(meth)
acrylate, hydroxymethyl(meth)acrylate, 2-hydroxypropyl
(meth)acrylate, glycidol di(meth)acrylate, triglycerol
di(meth)acrylate, pentaerythritol tri{meth)acrylate, dipen-
tacrythritol penta(meth)acrylate, dipentaerythritol tetra
(meth)acrylate, dipentaerythritol tri{meth)acrylate, dipen-
tacrythritol di(meth)acrylate, trimethylolpropane di(meth)
acrylate, and epoxy acrylate. The aforesaid examples of the
hydroxyl-containing (meth)acrylate compound can be used
alone or as a mixture of two or more. Preferably, the
hydroxyl-containing (meth)acrylate compound 1s pen-
taerythritol tri{meth)acrylate.

Preferably, the polyisocyanate compound has at least two
1socyanate groups in a molecule. Examples of the polyisocy-
anate compound include, but are not limited to, tolylene diiso-
cyanate, diphenylmethane diisocyanate, polymethylene
polyphenyl polyisocyanate, toluidine diisocyanate, naphtha-
lene diisocyanate, hexamethylene diisocyanate, 1sophorone
duisocyanate, xylylene diisocyanate, hydrogenated xylylene
duisocyanate, and dicyclohexylmethane diisocyanate. The
alorementioned examples of the polyisocyanate compound
may be used alone or 1n a mixture of two or more.

Preferably, examples of the polyol compound include, but
are not limited to, polyoxy(propylene oxide)diol, polyoxy
(propylene oxideltriol, copoly(ethylene oxide-propylene
oxide)diol, poly(tetramethylene oxide)glycol, ethoxylated
bisphenol A, ethoxylated bisphenol S, spiro glycol, caprolac-




US 8,936,891 B2

9

tone-modified diol, carbonate diol, trimethylolpropane, and
pentaerythritol. The aforementioned examples of the polyol
compound may be used alone or 1n a mixture of two or more.

Preferably, the molecular weight of the urethane(meth)
acrylate compound having at least six (meth)acryloyl groups
in a molecule ranges from 1,000 to 200,000, more preferably
from 1,200 to 100,000, even more preferably from 1,500 to
50,000.

The urethane(meth)acrylate compound (C) has preferably
at least seven (meth)acryloyl groups in a molecule, so as to
turther enhance the sensitivity of the protective film thus
formed.

More preferably, the urethane(meth)acrylate compound
(C) has at least eight (meth)acryloyl groups in a molecule.

Commercially available products of the urethane(meth)
acrylate compound (C) may 1nclude, but are not limited to:
(1) urethane(meth)acrylate compound having six (meth)acry-
loyl groups in a molecule: Shiko UV-7600B and Shiko
UV-7605B available from Nippon Synthetic Chemical Indus-
try Co., Ltd.; Art Resin UN-3320HA and Art Resin
UN-3320HC available from Negami Industry Co., Ltd.; NK
Oligo U-6HA and NK Oligo U-6LPA available from Shin-
Nakamura Chemical Industry Co., Ltd.; EBECRYL 35129,
EBECRYL 220, EBECRYL 8301, KRM 8200, and KRM
8200AFE available from Daicel-Cytec Co., Ltd.; and Beam Set
575 and Beam Set 577 available from Toagose1 Co., Ltd.,
(2) urethane(meth)acrylate compound having seven (meth)
acryloyl groups 1n a molecule: Shiko UV-6300B available
from Nippon Synthetic Chemical Industry Co., Ltd., and
(3) urethane(meth)acrylate compound having eight (meth)

acryloyl groups 1in a molecule: Shiko UV-7610B, Shiko
UV-7620EA, and Shiko UV-1700B available from Nippon
Synthetic Chemical Industry Co., Ltd.; Art Resin UN-901T
and Art Resin UN-3320HS available from Negami Industry
Co., Ltd.); NK Oligo UA-33H and NK Oligo UA-53H avail-
able from Shin-Nakamura Chemical Industry Co., Ltd.; and
KRM 8452 available from Daicel-Cytec Co., Ltd.

The aforementioned commercially available examples of
the urethane(meth)acrylate compound can be used alone or in
a mixture ol two or more. The preferable commercially avail-
able products are Shiko UV-1700B, Shiko UV-6300B, and
Shiko UV-7605B available from Nippon Synthetic Chemical
Industry Co., Ltd.; NK Oligo U-6HA available from Shin-
Nakamura Chemical Industry Co., Ltd.; and Art Resin
UN-3320HC, Art Resin UN-3320HS and Art Resin UN-901T
available from Negami Industry Co., Ltd.

The urethane(meth)acrylate compound (C) 1s used 1n a
range generally from 0.1 to 35 parts by weight, preferably
from 0.5 to 30 parts by weight, and more preferably from 1 to
25 parts by weight based on 100 parts by weight of the
polysiloxane.

If the urethane(meth)acrylate compound (C) 1s not
included in the photosensitive polysiloxane composition
according to the invention, the film produced thereby has the
problem of unsatisfactory sensitivity. Without limited by
theory, 1t 1s believed that due to the low-molecular-weighted
compound added to the photo resist, the effect of the devel-
oping 1s 1ncreased.

The Group 1V element oxide 1s a main component of the
inorganic particles (D) according to the invention. By adding
the 1norganic particles (D) with high refractive rate, the
refractivity of the film produced with the photosensitive pol-
ysiloxane composition 1s raised.

In one embodiment of the invention, the particle size of the
inorganic particles (D) 1s from 1 nm to 100 nm; preferably
from 1 nm to 50 nm; more preferably from 5 nm to 15 nm.
Method for measuring the particle size may be a known one
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such as a method by dynamic light scattering. If the particle
s1ze 1s less than 1 nm, secondary aggregation and whiting
casily occur 1n the film obtained thereby; i1 the particle size 1s
greater than 100 nm, uniformity of the surface of the film may
be affected.

In one embodiment of the invention, the oxide suitable for
the 1norganic particles (D) 1s preferably titantum oxide, zir-
conium oxide, hatnium oxide and composite particles formed
by the said metal oxide and silicon oxide and tin oxide. The
refractivity of the resulting film increases. More preferably,
the oxide 1s titanium oxide and zircomum oxide; 1.e. the group
IV element 1s more preferably titanium or zirconium.

In another aspect, the two crystalline forms, anatase and
rutile coexist in titanium oxide. Preferably, the crystalline
form 1s rutile type, which has high refractivity and excellent
light resistance.

Furthermore, since titanium oxide having a photocatalytic
activity, it 1s difficult to be applied 1n the optical field. Pret-
erably, the particle surface of titanium oxide 1s covered by
s1licon oxide.

According to the present invention, the inorganic particles
(D) may be in powder form or dispersed sol form where the
oxide particles are dispersed 1 a dispersion medium.
Examples of the dispersion medium are methanol, methyl
cthyl ketone, methyl 1sobutyl ketone, cyclohexanone, N-me-
thyl-2-pyrrolidone, propylene glycol monomethyl ether,
cthoxyethanol.

In one embodiment of the invention, the commercially
available titantum oxide particles are Nano'Tek T10, made by
Japan CI Kase1 (dispersion medium i1s methyl 1sobutyl
ketone, anatase type); Korea NanoCMS system, Lot No.:
S111109 (dispersion medium 1s ethoxyethanol, rutile type);
Red Lake series made by JGC Shokubai Kasei, Japan (dis-
persion medium 1s methanol, anatase type); TS series made
by Tayca (dispersion medium 1s methyl ethyl ketone, rutile
type). Commercially available zirconium oxide particles are
HXU-120JC made by Japan Osaka Cement Co. (dispersion
medium 1s methyl ethyl ketone).

In one embodiment of the invention, the amount of the
inorganic particles (D) used 1s from 5 to 120 parts by weight;
preferably from 10 to 100 parts by weight; more preferably
from 20 to 70 parts by weight based on 100 parts by weight of
the polysiloxane polymer (A) used. If the amount of the
inorganic particles (D) used 1s less than 5 parts by weight, the
refractivity of the film obtained thereby 1s not satisfactory; if
the amount of the inorganic particles (D) used 1s greater than
120 parts by weight, the development 1s not satisfactory.

There 1s no specific limitation to the solvent (E) suitable 1n
the photosensitive polysiloxane composition of the present
invention, as long as each component can be completely
dissolved, and the solvent has a high volatility at atmospheric
pressure and can be evaporated with only small amount of
heat. Examples of the solvent (E) include, but are not limited
to, an alcoholic hydroxyl-containing compound, and a carbo-
nyl-containing cyclic compound. The aforesaid examples of
solvent (E) can be used alone or as a mixture of two or more.

Examples of the alcoholic hydroxyl-containing compound
include, but are not limited to, acetol, 3-hydroxy-3-methyl-
2-butanone, 4-hydroxy-3-methyl-2-butanone, 5-hydroxy-2-
pentanone, 4-hydroxy-4-methyl-2-pentanone (diacetone
alcohol, abbreviated as DAA), ethyl lactate, butyl lactate,
propylene glycol monomethyl ether, propylene glycol mono-
cthyl ether (abbreviated as PGEE), propylene glycol monom-
cthylether acetate (abbreviated as PGMEA), propylene gly-
col mono-n-propyl ether, propylene glycol mono-n-butyl
cther, propylene glycol mono-t-butyl ether, 3-methoxy-1-bu-
tanol, 3-methyl-3-methoxy-1-butanol, and combinations
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thereof. The aforesaid examples of the alcoholic hydroxyl-
containing compound can be used alone or as amixture ol two
Or more.

Preferably, the alcoholic hydroxyl-containing compound
1s selected from diacetone alcohol, ethyl lactate, propylene
glycol monoethyl ether, propylene glycol monomethylether
acetate, and combinations thereof.

Examples of the carbonyl-containing cyclic compound
include, but are not limited to, y-butyrolactone, y-valerolac-
tone, O-valerolactone, propylene carbonate, N-methylpyr-
rolidone, cyclohexanone, and cycloheptanone. The aforesaid
examples of the carbonyl-containing cyclic compound can be
used alone or as a mixture of two or more.

Preferably, the carbonyl-containing cyclic compound 1s
selected from vy-butyrolactone, N-methylpyrrolidone, cyclo-
hexanone, and combinations thereof.

When the alcoholic hydroxyl-containing compound and
the carbonyl-containing cyclic compound are used in combi-
nation, there 1s no specific limitation to the weight ratio
thereot. The weight ratio of the alcoholic hydroxyl-contain-
ing compound to the carbonyl-containing cyclic compound
ranges preferably from 99/1 to 50/50, and more preferably
from 95/5 to 60/40. It should be noted that, when the weight
rat1o of the alcoholic hydroxyl-containing compound to the
carbonyl-containing cyclic compound ranges from 99/1 to
50/30, 1t 1s less likely for the unreactive silanol group 1n the
polysiloxane polymer (A) to undergo condensation reaction
that may reduce the storage stability. Moreover, the miscibil-
ity between the polysiloxane polymer (A) and the ortho-
naphthoquinone diazide sulfonic acid ester (B) 1s good so that
it 1s less likely to opaque the protective film, thereby main-
taining the transparency of the protective film formed thereby.

Further solvents other than the aforesaid solvent can be
included 1n the photosensitive polysiloxane composition of
the present mvention as long as the desirable effects obtain-
able by the photosensitive polysiloxane composition are not
impaired. Examples of the further solvents include, but are
not limited to: (1) esters, for example, ethyl acetate, n-propyl
acetate, 1sopropyl acetate, n-butyl acetate, 1sobutyl acetate,
propylene glycol monomethyl ether acetate, 3-methoxy-1-
butyl acetate, 3-methyl-3-methoxy-1-butyl acetate, and the
like; (2) ketones, for example, methyl 1sobutyl ketone, diiso-
propyl ketone, diisobutyl ketone, and the like; (3) ethers, for
example, diethyl ether, diisopropyl ether, di-n-butyl ether,
diphenyl ether, and the like.

Preferably, the solvent (E) 1s used 1n an amount ranging,
generally from 50 parts by weight to 2,000 parts by weight,
preferably from 100 parts by weight to 1,900 parts by weight,
and more preterably from 200 parts by weight to 1,800 parts
by weight based on 100 parts by weight of polysiloxane
polymer (A).

Preferably, the photosensitive resin composition according,
to the present invention can contain other additives according,
to the specific requirements for the physical and/or chemical
properties. The additives can be chosen by skilled artisans in
the field. Examples of the additives are fillers, polymers other
than the polysiloxane polymer (A), UV absorbents ant1-co-
agulants, surfactants, adhesion improving agents, storage sta-
bilizers, heat resistance improving agents, curing improving,
agents and combinations thereof.

In one preferred embodiment of the invention, the fillers
are glass, aluminum fillers.

The polymers other than the polysiloxane polymer (A) are
polyvinyl alcohol, polyglycol monoether, and polyacrylate
fluoride.
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Examples of the UV absorbents are 2-(3-t-butyl-5-methyl-
2-hydroxyphenyl)-3-chlorobenzotriazole, or alkoxyben-
zophenone.

The anti-coagulants include but are not limited to sodium
polyacrylate.

The surfactants can improve the coating of the composition
according to the invention. In one embodiment of the mnven-
tion, the surfactants include a fluorine-based surfactants or
s1licone-based surfactants.

Specific examples of the fluorine-based surfactants include
fluorine-based surfactants formed of compounds respectively
having a fluoroalkyl or fluoroalkylene group at least at any of
the ends. In one embodiment of the invention, the fluorine-
based surfactants include 1,1,2,2-tetrafluorooctyl(1,1,2,2-
tetrafluoropropyl)ether, 1,1,2,2-tetrafluorooctylhexyl ether,
octacthylene glycol di(1,1,2,2-tetrafluorobutyl)ether, hexa-
cthylene glycol (1,1,2,2,3,3-hexafluoropentyl)ether, octapro-
pylene glycol di(1,1,2,2-tetrafluorobutyl)ether, hexapropy-
lene glycol di(1,1,2,2,3,3-hexafluoropentyl)ether, sodium
pertluorododecylsulionate, 1,1,2,2,8,8,9,9,10,10-decatluo-
rododecane, 1,1,2,2,3,3-hexafluorodecane, sodium fluoro-
alkylbenzene sulifonate, sodium {fluoroalkyl phosphate,
sodium fluoroalkyl carboxylate, fluoroalkyl polyoxyethylene
cther, diglycerin tetra(fluoroalkyl polyoxyethylene ethers),
fluoroalkyl ammonium 1odide, tfluoroalkyl betaine, tfluoro-
alkyl polyoxyethylene ethers, perfluoroalkyl polyoxyethyl-
ene ether, and perfluoroalkyl alkanol. In one another embodi-

ment of the invention, the fluorine-based surfactants include
BM-1000, BM-1100 (manufactured by BM CHEMIE),
Megatac® F142D, F172, F173,F183,F178, F191, F471 and
F4'76 (manufactured by Dainippon Ink and Chemical Indus-
tries, Ltd.), Fluorad® FC-170C, FC-171, FC-430, FC-431
(manufactured by Sumitomo chemical), chlorofluorocarbons
S-112, S-113, S-131, S-141, S-145, S-382, SC-101, SC-102,
SC-103, SC-104, SC-105, SC-106 (manufactured by Asahi
Glass Company), F TOP EF301, 303, 352 (manufactured by
Shin Akita Chemical Co., Ltd), FTERGENT FT-100, FT-110,
FT-140A, FT1-150, F1-250, FT1-251, FTX-251, FTX-218,
FT-300, FT-310, F'T-400S (manufactured by NEOSU Ltd.)

Examples of the silicone-based surfactants are TORE sili-
cone DC3PA DC7PA, SHI11PA, SH21PA, SH28PA,
SH29PA, SH30PA, SH-190, SH-193, SZ-6032, SF-8427,
SEF-8428, DC-57, DC-190 (manufactured by Dow Corning
Toray Silicone), TSF-4440, TSF-4300, TSF-4445, TSEF-
4446, 'TSF-4460, TSF-4452 (manufactured by GE Toshjba
silicone).

In addition to said fluorine-based surfactants or silicone-
based surfactants, the surfactant refers to (1) polyoxyethylene
alkyl ethers, such as lauryl alcohol polyoxyethylene, poly-
oxyethylene stearic acid ether and polyoxyethylene oleyl
cther; (2) polyoxyethylene aryl ethers, such as polyoxyethyl-
ene n-octyl phenyl ether and polyoxyethylene n-nonylphenol
cther; (3) polyoxyethylene dialkyl esters, such as polyoxy-
cthylene dilaurate and polyoxyethylene distearate; (4) non-

1ionic surfactants, such as KP341 (manufactured by Shin-Etsu
Chemaical), poly Flow No. 57, 95 (manufactured by Kyoeisha
Yushi Chemical Industries, Ltd.).

The aforesaid examples of surfactants can be used alone or
in admixture of two or more thereof.

The adhesion improving agents are able to improve the
adhesive force of the substrate, and preferably the adhesion
improving agents are functional silane crosslinking agents.
Preferably, the functional silane crosslinking agents include a
carboxyl, alkenyl, 1socyanate, epoxy group, amino, sulthy-
dryl group or halogen. Examples are as follows: p-hydrox-
yphenyltrimethoxy silane, 3-(meth)acroxyl propyl tri-
methoxysilane, vinyl triacetoxylsilane, vinyl
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trimethoxysilane, vinyl triethoxysilane, vinyl tri(2-methoxy-
lethoxy)silane, y-1socyanate propyl triethoxysilane, 3-glyci-
doxy propyl trimethoxysilane (such as KBM403 manufac-
tured by Shin-Etsu Chemical), 2-(3,4-epoxy cyclohexane)
cthyl trimethoxysilane, 3-glycidoxy propyl dimethyl meth-
oxysilane, 3-aminopropyl trimethoxysilane, N-(2-aminoet-
hyl)-3-aminopropyl trimethoxysilane, N-(2-aminoethyl)-3-
aminopropyl methyl dimethoxysilane, 3-mercaptopropyl
trimethoxysilane, 3-chloropropyl trimethoxysilane and
3-chloropropyl methyl dimethoxysilane. Those adhesion
improving agents can be used independently or mixedly.

The storage stabilizers can be sulphur, quinone, hydro-
quinone, poly oxide, amine, nitroso compounds or Nitro com-
pounds. Examples are as 1follows: 4-methoxyphenol,
(N-mitroso-N-phenyl) hydroxylamino aluminum, 2,2-thio-
bis(4-methyl-6-tert-butylphenol) and 2,6-di-tert-butylphe-
nol.

The heat resistance improving agents can be to N-(alkoxy
methyl)glycolurill compounds and N-(alkoxy methyl)
melamine Examples of said N-(alkoxy methyl)glycoluril
compounds are as follows: N,N,N' N'-tetra(methoxy methyl)
glycoluril, N,N,N'.N'-tetra(ethyoxyl methyl)glycoluril, N,N,
N".N'-tetra(n-propoxy methyl)glycoluril, N,N,N'N'-tetra
(1sopropoxy methyl)glycoluril, N,N,N'.N'-tetra(n-butoxy
methyl)glycoluril and N,N,N',N'-tetra(tert-butoxy methyl)g-
lycoluril, and preterably N,N,N'N'-tetra(methoxy methyl)

glycoluril. Examples of said N-(alkoxy methyl) melamine are
as follows: N,N,N'.N'N".N"-hexa(methoxy methyl)
melamine, N,NLN'.N"N" N"-hexa(ethyoxyl methyl)
melamine,  N,N,N'N'.N"N"-hexa(n-propoxy  methyl)
melamine,  N,N,N'.N'N" N"-hexa(isopropoxy  methyl)
melamine, N,N,N'".N'.N" . N"-hexa(n-butoxy methyl)
melamine, and N,N,N',N'N" N"-hexa(tert-butoxy methyl)
melamine, and preferably N,N,N'.N'.N".N"-hexa(methoxy

methyl) melamme Commercialized products are such as

NIKARAKKU N-2702 and MW-30M (manufactured by
SANHE CHEMICALS CO. LTD).

The curing improving agents include, but are not limited
to: (1) the epoxy group-containing compounds, for example,
but not limited to, bisphenol A diglycidyl ether, bisphenol F
diglycidyl ether, bisphenol S diglycidyl ether, hydrogenated
bisphenol A diglycidyl ether, hydrogenated bisphenol F dig-
lycidyl ether, hydrogenated bisphenol AD diglycidyl ether,
brominated bisphenol A diglycidyl ether, brominated bisphe-
nol F diglycidyl ether, brominated bisphenol S diglycidyl
cther of bisphenol diglycidyl ether compounds; (2) guan-
amine compounds, for example, but not limited to, melamine,
guanidine amine, acetoguanamin, and benzoguanamine; (3)
amine compounds, such as, but not limited to, dicyandiamide,
benzyl dimethyl amine, 4-(dimethylamino)-N,N-dimethyl
benzyl amine, 4-methoxy-N,N-dimethyl benzyl amine, and
4-methyl-N,N-dimethyl benzyl amine; and (4) imidazole
derivatives and salts thereof, for example, but not limited to,
imidazole, 2-methylimidazole, 2-ethyl-imidazole, 2-ethyl-4-
methylimidazole, 2-phenyl imidazole, 4-phenyl 1imidazole,
1-cyanoethyl-2-phenyl 1midazole, and 1-(2-cyanoethyl)-2-
cthyl-4-methylimidazole.

The amount of the additives (F) according to the invention
can be chosen by skilled artisans 1n this field. Preferably, The
additives (F) are used in an amount ranging generally from O
to 30 parts by weight, preferably from 0 to 25 parts by weight,
and more preferably from 0 to 20 parts by weight, based on
100 parts by weight of the polysiloxane polymer (A).

The photosensitive polysiloxane composition of the
present invention 1s manufactured by stirring the polysilox-
ane polymer (A), the ortho-naphthoquinone diazide sulfonic
acid ester (B), the urethane(metha)acrylate compound (C),
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the 1norganic particles (D), and the solvent (E) optionally
together with the additives (F) 1n a stirrer to form a homoge-
neous solution.

The present mnvention also provides a method for forming,
a film on a substrate comprising applying the photosensitive
polysiloxane composition as mentioned above on the sub-
strate.

The present invention also provides a {ilm on a substrate,
which 1s obtained by the method as mentioned above.

Preferably, the film according to the invention 1s a pla-
narization film of a TFT substrate 1n a liquid crystal display
clement or organic light-emitting display device, an inter-
layer insulating film or an overcoat of a core material or a
protective material 1n a waveguide.

In one embodiment of the invention, the film of the present
invention 1s formed by coating the photosensitive polysilox-
ane composition onto a substrate followed by pre-bake, expo-
sure, development, and post-bake treatments.

The photosensitive polysiloxane composition 1s not lim-
ited, and can be applied on the substrate by spin coating, slit
coating, roller coating, or the like, and 1s then prebaked to
remove the solvent and to form a prebaked coating film. The
conditions for the prebaking depend on the types and the
formulating ratio of the components for the photosensitive
polysiloxane composition. However, the prebaking 1s usually
conducted at a temperature ranging from 60° C. to 110° C. for
a period ranging from 30 seconds to 15 minutes. Preferably,
the thickness of the film 1s from 3 to 6 um.

The prebaked coating film 1s exposed via a photomask
using ultraviolet light, far ultraviolet light, X-rays, charged
particle beam. Ultraviolet light 1s such as g-line (wavelength
of 436 nm), h-line, 1-line (wavelength of 365 nm) Far ultra-
violet light 1s such as KrF excimer laser; X-rays 1s such as
synchrotron radiation; charged particle beam 1s such as elec-
tron beam. Preferably, the light 1s ultraviolet light, more pret-
erably the g-line or i1-line. The device for providing the ultra-
violet light includes a (ultra-) high pressure mercury lamp,
and a metal halide lamp. Preferably, the exposure 1s 30 to
1500 J/m”.

The prebaked coating film after exposing 1s immersed 1n a
developer solution for a period ranging from 30 seconds to 2
minutes so as to form a desired pattern. Examples of the
developer include (1) alkali compounds, such as sodium
hydroxide, potassium hydroxide, sodium carbonate, sodium
hydrogen carbonate, potassium carbonate, potassium hydro-
gen carbonate, sodium silicate, sodium methylsilicate, aque-
ous ammonia; (2) primary amine, such as ethylamine, n-pro-
pylamine; (3) secondary amine, such as diethylamine, di-n-
propylamine; (4) aliphatic tertiary amines, such as
trimethylamine, diethylmethylamine, dimethyl ethyl amine,
and triethylamine; (5) alicyclic tertiary acids, such as pyrrole,
piperidine, N-methyl piperidine, N-methyl-1,8-diazabicyclo
[5.4.0]-7-undecene, and 1,5-diazabicyclo[4.3.0]-5-nonene;
(6) aromatic tertiary amines, such as pyridine, pyrimidine,
lutidine, and quinoline; and (7) quaternary ammonium salt
basic compounds such as the aqueous solution of tetramethy-
lammonium hydroxide, tetracthylammonium hydroxide.

In addition, the water-soluble organic solvents and/or sur-
factants, such as methanol, ethanol, may be added as needed
in the developer solution. Further, the developing method
maybe, for example, but not limited to, fluid collection
method, dipping method, vibration dipping, rinsing, and
other appropriate methods.

The basic developer solution 1s removed by washing with
water after developing. The coating film formed on the sub-
strate 1s dried with compressed air or mitrogen. Preferably, the
film 1s subjected to a post-exposure treatment using a high-
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pressure mercury lamp. The coating film overall 1s 1rradiated,
and the residue of ortho-naphthoquinone diazide sulfonic

acid ester (B) 1s decomposed. More preferably, the post-
exposure in the exposure step is 2000 to 5000 J/m”.

The film 1s then post-baked using a heating device, such as
a hot plate or an oven. The post-baking 1s conducted at a
temperature ranging from 120° C. to 250° C. for a period
ranging from 5 minute to 30 minutes 11 the hot plate 1s used or
for a period ranging from 30 minutes to 90 minutes 1f the oven

1s used. A film 1s formed on the substrate atter the atoremen- 10

tioned process.

TABL.
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Preparations of Polysiloxane Polymers (A-2) to
(A-4)

The preparations of polysiloxane polymers (A-2) to (A-4)
are similar to the preparation of polysiloxane (A-1), and the
kind and amount of the silane compound/siloxane prepoly-
mer were as shown 1n Table 1. The amount of oxalic acid,
reaction temperature and the reaction time of the polyconden-
sation differed from those of the preparation of polysiloxane
polymer (A-1) and were also shown 1n Table 1, and polysi-
loxane polymers (A-2) to (A-4) were obtained.
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Contents of preparation of polysiloxane polymer{ A-1)

Composition
Catalyst(g)

Silane Compound/Siloxane prepolymer (mol) solvent(g) Oxalic  Temp. Time
Preparation MTMS DMDMS PTMS PTES GF-20 TMSG TMSOX DMS-827 PGEE DAA water  acid (°C.) (hour)
A-1 0.30 0.65 0.05 200 75 0.40 105 6
A-2 0.40 0.40 0.20 100 100 75 0.40 110 5
A-3 0.60 0.35 0.05 200 75 0.35 105 6
A-4 0.65 0.25 0.09 0.01 200 75 0.45 110 6

MTMS: Methyltrimethoxysilane

DMDMS: Dimethyldimethoxysilane

PTMS: Phenyltrimethoxysilane

PTES: Phenyltriethoxysilane

GF-20: 3-(tniethoxysilyl)propyl succinic anhydride

TMSG: 3-trimethoxysilylpropyl glutaric anhydride

TMSOX-D: 3-ethyl-3-[| 3-(trimethoxysilyl)propoxy)methyl] oxetane
DMS-827: manufactured by Gelest

PGEE: Propylene glycol monoethyl ether
DAA.: Diacetone alcohol

Examples of the substrate suitable for the present invention
include alkali-free glass, soda-lime glass, Pyrex glass, quartz
glass, a glass coated with a transparent conductive film
thereon, and the like commonly used 1n a liquid crystal dis-
play; and a photoelectric conversion substrate ({or example, a
silicon substrate) used 1n a solid-state 1mage sensor.

The present invention further provides an apparatus com-
prising the film as mentioned above.

The apparatus according to the invention includes but 1s not
limited to a display device, a semiconductor device, an optical
waveguide device, and the like.

The following examples are given for the purpose of illus-
tration only and are not intended to limit the scope of the
present invention.

Example

Preparation of Polysiloxane Polymer (A-1)

A 500 ml three-necked flask was added with 200 g of
propylene glycol monoethyl ether (hereafter as PGEE). The
silane compound/siloxane prepolymer solution and oxalic
acid as shown 1n Table 1 were continually added with stirring
at room temperature. The mixture in the flask was then stirred
in an o1l bath at a temperature of 30° C. for 30 minutes. The
temperature of the oil bath was raised to 120° C. within a
succeeding 30 minutes. After the mner temperature reached
105° C., the mixture in the flask was further stirred and heated
for 6 hours to obtain the polysiloxane polymer (A-1).
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Examples of Photosensitive Polysiloxane
Composition

The compositions and amounts shown 1n Table 2 were
mixed and dissolved using a shaker to obtain a photosensitive
polysiloxane composition.

Comparative Examples of Photosensitive
Polysiloxane Composition

The compositions and amounts shown in Table 2 were
mixed and dissolved using a shaker to obtain a photosensitive
polysiloxane composition.

Formation of OG-Protected Positive Photoresist

The photosensitive polysiloxane compositions of the
examples and comparative examples were spin-coated on a
glass substrate (100 mmx100 mmx0.7 mm) with a thickness
of 2 um. The films were pre-baked at a temperature o1 110° C.
for 2 minutes. A positive photoresist mask was placed
between the exposure machine and the coating films and the
films were 1rradiated with ultraviolet irradiation of 100
mJ/cm”. After exposure, the films were then immersed in the
2.38% of tetramethylammonium hydroxide solution for 60
seconds at 23° C. The exposed parts ol the coating films on the
substrate was removed, and then washed with pure water. The
films after development were irradiated with 200 mJ/cm”.

After exposure, the films were post-baked for 60 minutes at
230° C. to obtain the protective film on the glass.
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Assays
1. Sensitivity

The photosensitive polysiloxane compositions of the
examples and comparative examples were spin-coated on a
glass substrate (100 mmx100 mmx0.7 mm) with a thickness
of 2 um. The films were pre-baked at a temperature of 110° C.
for 2 minutes. A positive photoresist mask with patterns hav-
ing different line widths was placed between the exposure
machine and the coating films and the films were rradiated.
After exposure, the films were then immersed 1n the 2.38% of
tetramethylammonium hydroxide solution for 60 seconds at
23° C. The exposure energy for forming the line width of 1 um
was observed.

@: exposure energy=150 mJ/cm?

O: 150 mJ/cm”<exposure energy<300 mJ/cm”

X: 300 mJ/cm*<exposure energy
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2. Refractivity

The refractivity of the protective film on the glass as men-
tioned above was assayed with the optical film thickness

machine (MFS-630-F, Hong-Ming Technology Co. Ltd). The
criteria are as follows.

(O: refraction ratez1.6
A: 1.6zrefraction rate 1.5
X: 1.5>refraction rate

The results of development are shown 1n Table 2. It shows
that the sensitivity and refractivity of the films comprising the

urethane(metha)acrylate compound (C) and inorganic par-
ticles (D).

TABLE 2
Examples Comparative Examples
Components 1 3 4 5 o 7 8 1 2 3 4
polysiloxane A-1 100 50 100
polymer (A) A-2 100 30 50 100 100
(parts by A-3 100 70 100 100
welght) A-4 100 100
ortho- B-1 5 10 15 20 20 10 40 20 15 10
naphthoquinone  B-2 15 5 10 5 5 20
diazide sulfonic
acid ester (B)
(parts by
weight)
urethane C-1 0.1 5 25 5
(metha)acrylate C-2 15 5
compound C-3 5
(C)(parts by C-4 1 30
welght) C-5 10 10
urethane C-6 15
(metha)acrylate
compound
comprising two
(meth)acryloyl
gTroups 1N one
molecule(parts
by weight)
1norganic D-1 5 70 120 50
particles D-2 20 60 10 100 30
(D)(parts by D-3 40 50
weight)
Solvent (E) E-1 50 500 500 500 800 1200 1000 800 800 600 600 800
(parts by E-2 300 200 800
welght) E-3 300 200
Additives F-1 0.5
(F)(parts by F-2 2 1
welght)
Assays Sensitivity 0 © © © ©

X X O
X

© © O X
Refractivity o o O O O O O O O O X

B-1: ortho-naphthoquinone diazide sulfonic acid ester compound obtained by reacting 1-[ 1-(4-hydroxyphenyljisopropyl]-4-|1,1-bis(4-hydroxyphe-
nyl)ethyl]benzene with o-naphthoquinonediazo-3-sulfonic acid,

B-2: ortho-naphthoquinone diazide sulfonic acid ester compound obtained by reacting 2,3,4-trihydroxybenzophenone with o-naphthoquinonediazo-
5-sulfonic acid

C-1: NK Oligo U-6HA manufactured by Shin-Nakamura Chemical Industry Co., Ltd.
(C-2: Shiko UV-1700B manufactured by Nippon Synthetic Chemical Industry Co., Ltd.
(C-3: Shiko UV-6300B manufactured by Nippon Synthetic Chemical Industry Co., Ltd.

C-4: Art Resin UN-901T manufactured by Negami Industry Co., Ltd.

C-5: Art Resin UN-3320HS manufactured by Negami Industry Co., Ltd.

C-6: Art Resin UN-9000PEP manufactured by Negamu Industry Co., Ltd., comprising two {(meth)acryloyl groups 1n one molecule
D-1: T10», average particle size of 13.14 nm, manufactured by Korea NanoCMS system

D-2: Th0O,, average particle size of 24.23 nm, manufactured by Japan CI Kase1

D-3: ZrO,, average particle size of 17.46 nm, manufactured by Osaka Cement Co., Ltd.

E-1: propylene glycol monomethylether acetate (abbreviated as PGMEA)

E-2: 4-hydroxy-4-methyl-2-pentanone (abbreviated as DAA)

E-3: cyclohexanone

E-1: SF-8427, manufactured by Toray Dow Corning Silicon (surfactant)

F-2: KBM403, manufactured by Shin-Etsu Chemical (3-epoxy propoxy propyl trimethoxysilane)



US 8,936,891 B2

19

While embodiments of the present invention have been
1llustrated and described, various modifications and improve-
ments can be made by persons skilled 1n the art. It 1s intended
that the present invention 1s not limited to the particular forms
as 1llustrated, and that all modifications not departing from
the spirit and scope of the present invention are within the
scope as defined 1n the following claims.

What 1s claimed 1s:
1. A photosensitive polysiloxane composition comprising:
a polysiloxane polymer (A);
an ortho-naphthoquinone diazide sulfonic acid ester (B);
an urethane(metha)acrylate compound (C), wherein the
urethane(metha)acrylate compound (C) comprises at
least six (meth)acryloyl groups 1n one molecule;

inorganic particles (D), wherein the Group IV element
oxide 1s a main component of the inorganic particles (D);
and

a solvent (E).

2. The photosensitive polysiloxane composition according
to claim 1, wherein the urethane(metha)acrylate compound
(C) comprises at least seven (meth)acryloyl groups 1n one
molecule.

3. The photosensitive polysiloxane composition according,
to claim 1, wherein the urethane(metha)acrylate compound
(C) comprises at least eight (meth)acryloyl groups 1n one
molecule.

4. The photosensitive polysiloxane composition according,
to claim 1, wherein the amount of the ortho-naphthoquinone
diazide sulfonic acid ester (B) used 1s from 1 to 50 parts by
weight; the amount of the urethane(metha)acrylate com-
pound (C) used 1s from 0.1 to 335 parts by weight; the amount
of the 1norganic particles (D) used 1s from 5 to 120 parts by
weight; and the amount of the solvent (E) used 1s from 30 to
2,000 parts by weight based on 100 parts by weight of the
polysiloxane polymer (A) used.

5. The photosensitive polysiloxane composition according,
to claim 1, wherein the polysiloxane polymer (A) 1s obtained
by hydrolyzing and condensing a silane compound repre-
sented by Formula (1);

Si(R%) (OR?),., Formula (1)

wherein

R” 1s independently selected from the group consisting of a
hydrogen atom, a C, -C, , alkyl group, a C,-C, , alkenyl
group, and a C.-C, . aryl group, an anhydride-substi-
tuted C,-C,, alkyl group, and an epoxy-substituted
alkoxy group;

R” is independently selected from the group consisting ofa
hydrogen atom, a C,-C alkyl group, a C,-C . acyl group,
and a C.-C, < aryl group; and

t represents an iteger from O to 3, and wherein when t1s 2
or 3, the plural R”s are identical with or different from
each other; and wherein when 4-tis 2 or 3, the plural R”s
are 1dentical with or different from each other.

6. The photosensitive polysiloxane composition according

to claim 1, wherein the Group IV element 1n the inorganic
particles (D) 1s titamium or zirconium.
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7. The photosensitive polysiloxane composition according,
to claim 1, wherein the particle size of the inorganic particles
(D) 1s from 1 nm to 100 nm.

8. A method for forming a film on a substrate comprising,
applying the photosensitive polysiloxane composition
according to claim 1 on the substrate.

9. The method according to claim 8, wherein the urethane
(metha)acrylate compound (C) comprises at least seven
(meth)acryloyl groups in one molecule.

10. The method according to claim 8, wherein the urethane

(metha)acrylate compound (C) comprises at least eight
(meth)acryloyl groups 1n one molecule.

11. The method according to claim 8, wherein the amount
of the ortho-naphthoquinone diazide sulfonic acid ester (B)
used 1s from 1 to 30 parts by weight; the amount of the
urethane(metha)acrylate compound (C)used 1s from 0.1 to 35
parts by weight; the amount of the morganic particles (D)
used 1s from 5 to 120 parts by weight; and the amount of the
solvent (E) used 1s from 30 to 2,000 parts by weight based on
100 parts by weight of the polysiloxane polymer (A) used.

12. The method according to claim 8, wherein the polysi-
loxane polymer (A) 1s obtained by hydrolyzing and condens-
ing a silane compound represented by Formula (1);

Si(R")(OR”)4,

Formula (1)

wherein

R“1s independently selected from the group consisting of a
hydrogen atom, a C,-C,, alkyl group, a C,-C,, alkenyl
group, and a C.-C, . aryl group, an anhydride-substi-
tuted C,-C,, alkyl group, and an epoxy-substituted
alkoxy group;

R” is independently selected from the group consisting of a
hydrogen atom, a C,-C alkyl group, a C, -C, acyl group,
and a C,-C, ; aryl group; and

t represents an integer from 0 to 3, and wherein when t 1s 2
or 3, the plural R are identical with or different from
each other; and wherein when 4-tis 2 or 3, the plural R’s
are 1dentical with or different from each other.

13. The method according to claim 8, wherein the Group
IV element 1n the inorganic particles (D) 1s titanium or zirco-
nium.

14. The method according to claim 8, wherein the particle
s1ze of the morganic particles (D) 1s from 1 nm to 100 nm.

15. A film on a substrate, which 1s obtained by the method
according to claim 8.

16. The film according to claim 15, which 1s a planarization
film of a TF'T substrate 1n a liquid crystal display element or
organic light-emitting display device, an interlayer insulating
film or an overcoat of a core material or a protective material
in a waveguide.

17. An apparatus comprising the film according to claim
15.

18. The apparatus according to claim 17, wherein the film
1s a planarization film of a TF'T substrate in a liquid crystal
display element or organic light-emitting display device, an
interlayer insulating film or an overcoat of a core material or
a protective material in a waveguide.
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